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1,8-CineoleAbstract In the current study, the leaf volatile constituents of the essential oils of Artemisia indica
Willd. and Artemisia vestita Wall were studied using a combination of capillary GC–FID, GC–MS
andFT-IR (Fourier-Transform Infra-Red) analytical techniques. The analysis led to the identiﬁcation
of 42 compounds in the essential oil ofA. indica, representing 96.6% of the essential oil and the major
components were found to be artemisia ketone (42.1%), germacrene D (8.6%), borneol (6.1%) and
cis-chrysanthenyl acetate (4.8%). The essential oil was dominated by the presence of oxygenatedmon-
oterpenes constituting 65.2%of the total oil composition followedby sesquiterpene hydrocarbons and
monoterpene hydrocarbons constituting 15.7% and 10.7%, respectively of the total oil composition.
The essential oil composition ofA. vestitawas found to contain a total of 18 components representing
94.2% of the total oil composition. The principal components were found to be 1,8-cineole (46.8%),
(E)-citral (13.7%), limonene (9.8%), a-phellandrene (6.4%), camphor (5.0%), (Z) and (E)-thujones
(3.0% each). Oxygenated monoterpenes were the dominant group of terpenes in the essential oil con-
stituting 73.1% of the total oil composition followed by monoterpene hydrocarbons (17.3%). The
results of the current study reveal remarkable differences in the essential oil compositions of these
two Artemisia species already reported in the literature from other parts of the globe.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Artemisia is one of the largest genera in the family Asteraceae
comprising of 200–500 species (depending on the author). 500
species of Artemisia are mainly found in Asia, Europe andof the
http://
2 M.A. Rather et al.North America. Asia seems to represent the greatest number of
these species with 150 species found in China, 174 species in
the ex USSR, about 50 species reported to occur in Japan,
35 species are found in Iran and 37 species are found in India
mostly conﬁned to the North Western Himalayas (Hu, 1965;
Poljakov, 1961; Kitamura, 1939; Rechinger, 1986). The 500
species are characterized by common morphological charac-
ters: Herbs or small shrubs, highly aromatic, leaves alternate,
capitate, racemose, paniculate or capitate inﬂorescences. Many
Artemisia species have a high economic value in several ﬁelds
as food plants and as anthelminthic and antimalarial in medi-
cine (Shawl et al., 2009).
Artemisia indica Willd. (Asteraceae) commonly known as
‘‘Tite pati’’ is a perennial herb found in the western Himalayas.
It has been traditionally employed by local people to alleviate
chronic fever, dyspepsia and hepatobiliary ailments (Chopra
et al., 1986; Manandhar, 2002; Said, 1984; Kunwar and
Duwadee, 2003). Previous phytochemical investigation has
led to the isolation of antimalarial compounds namely exiguaf-
lavanone-A, exiguaﬂavanone-B, maacklain and 2-(2,4-dihy-
droxyphenyl)-5,6-methylenedioxy benzofuran from the crude
methanol extract of the stem of A. indica (Chanphen et al.,
1998). Our research group using state-of-the-art techniques
has already reported the essential oil composition of various
Artemisia species and they mostly contain 1,8-cineole, borneol,
camphor, artemisia ketone, limonene, caryophyllene, germac-
rene-D, davanone as the major essential oil components
(Shawl et al., 2009; Rather et al., 2011; Mir et al., 2012). A.
indica essential oil has been the focus of some earlier studies
from different parts of the world. In one study from Uttarak-
hand India, Shah et al. studied the steam-distilled essential oil
from the aerial parts of A. indica Willd. and reported to have
identiﬁed 29 constituents in the essential oil with b-caryophyl-
lene (8.3%), germacrene D (6.3%), caryophyllene oxide
(6.5%), cis-b-elemenone (10.4%) and selin-11-en-4-a-ol
(8.5%) as the major constituents of the essential oil (Shah
and Rawat, 2008). G.C. Shah and C.S. Mathela have also
studied the essential oil obtained from the aerial parts of A.
indica var. indica, a sub-variety of A. indica and have reported
35 chemical constituents with borneol (8.1%), b-cubebene
(5.1%), b-caryophyllene (5.4%), germacrene D (5.2%), trans-
guaiene (6.5%), d-cadinene (6.9%), and vulgarone-B (18.9%)
as the major components.
Artemisia vestita Wall. Ex DC. is a perennial herb widely
used in Tibetan and Chinese traditional medicine for treat-
ing various inﬂammatory diseases. Phytochemical studies
on this plant species have been reported and indicated that
the plant contains a number of ﬂavones, monoterpenes
and sesquiterpenoids (Wang et al., 2005; Yin et al., 2008;
Greger et al., 1982; Tan et al., 1999). The essential oil of
A. vestita has been the focus of some earlier studies. Chu
et al., have studied the essential oil composition of A. vestita
aerial parts from China and reported grandisol (40.29%),
1,8-cineole (14.88%) and camphor (11.37%) as the principal
oil constituents. In addition, they also reported the insecti-
cidal activity of A. vestita essential oil which could be due
to the presence of 1,8-cineole and camphor which are
already reported in the literature as insecticidal compounds
(Chu et al., 2010). Another study from a different geograph-
ical region revealed that the essential oil of A. vestita
comprises a-, b- and c-himachalene, caryophyllene, germac-
rene-D, himachalol, allohimachalol, a and c-atlantone,Please cite this article in press as: Rather, M.A. et al., Comprehens
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dx.doi.org/10.1016/j.arabjc.2014.05.0171,8-cineole, yomogi alcohol, artemisia and santolina alcohol,
thujones and thujanols (Weyerstahl et al., 1987).
On scanning the literature reported on the essential oil com-
position of A. indica and A. vestita, it is evident that the essen-
tial oil composition of these two species exhibits a remarkable
chemodiversity and is greatly inﬂuenced by the geographical
region, our objective as part of our Institute’s program was
to study the essential oil composition of these two species
growing at high altitude locations of Kashmir Himalayas using
a combination of capillary GC–FID, GC–MS and FT-IR ana-
lytical techniques.
2. Experimental
Plant material and Essential oil isolation: The leaves of
A. indica and A. vestita were collected from Daksum, Kokerr-
nag (Kashmir) and the ﬁeld station of Indian Institute of
Integrative Medicine (IIIM) respectively during July-2011.
Artemisia indica was identiﬁed by a well-known taxonomist
Dr. A. R. Naqshi. A voucher specimen (Specimen number:
KASH-769) was submitted to the Centre of Plant Taxonomy,
Kashmir University. Two kg of each fresh plant material was
subjected to hydrodistillation using a Clevenger type apparatus
for 3 h according to the procedure described in the European
Pharmacopoeia. Anhydrous Sodium sulfate was used to
remove water after extraction. The essential oil was stored in
an air tight glass container in a refrigerator at 4 C. The oil
yield was found to be 0.17% (V/W) for A. indica 0.18%
(V/W) for A. vestita as calculated on fresh weight basis. The
experiment was done in triplicate.
3. GC–FID analysis
GC/FID was carried out on Perkin Elmer auto system XL Gas
Chromatograph 8500 series with ﬂame ionization detector
(FID) and head space analyser using a fused silica capillary
RTX-5 column (30 m · 0.32 mm, ﬁlm thickness 0.25 lm)
coated with dimethyl polysiloxane. Oven temperature was pro-
grammed from 60 to 280 C at 3 C/min, with injector temper-
ature at 230 C and detector temperature at 250 C. Injection
volume 1 ll, nitrogen was used as a carrier gas (1.0 ml/min).4. GC–MS analysis
GC–MS analysis was carried on a Varian Gas Chromatograph
series 3800 ﬁtted with a VF-5 ms fused silica capillary column
(60 m · 0.25 mm, ﬁlm thickness 0.25 lm) coupled with a 4000
series mass detector under the following conditions: injection
volume 0.5 ll with split ratio 1:60, helium as carrier gas at
1.0 ml/min constant ﬂow mode, injector temperature 230 C
at 3 C, oven temperature was programmed from 60 to 280
0C at 3 C/min. Mass spectra: electron impact (EI+) mode,
70 eV and ion source temperature 250 C. Mass spectra were
recorded over 50–500 a.m.u. range.5. FT-IR spectroscopy measurement
The Fourier Transform-Infrared spectroscopy was carried out
on a Perkin Elmer FT-IR using Spectrum software version
10.3.2 using a liquid sampler.ive GC–FID, GC–MS and FT-IR spectroscopic analysis of the
ita essential oils. Arabian Journal of Chemistry (2014), http://
Table 1 Chemical composition of the leaf essential oil of Artemisia indica and Artemisia vestita growing in Kashmir valley.
Compounds RILit. RICal. % Peak Area Methods of Identiﬁcation
A. indica A. vestita
Santolina triene 902 906 tr – MS, RI,
a-Pinene 928 932 1.3 – MS, RI
Camphene 941 946 1.3 – MS, RI
Sabinene 964 969 1.8 0.1 MS, RI
Artemiseole 971 970 – 0.3 MS, RI
b-Pinene 971 974 2.4 0.1 MS, RI, COI
Myrcene 988 983 – 0.3 MS, RI
Yomagi alcohol 995 999 0.3 – MS, RI
a-Phellandrene 998 1002 0.1 6.4 MS, RI,COI
a-Terpinene 1014 1010 – 0.3 MS, RI
P-Cymene 1017 1020 2.7 – MS, RI, COI
Limonene 1022 1024 0.7 9.8 MS, RI, COI
1,8-Cineole 1024 1026 0.6 46.8 MS, RI, COI, FT-IR
(Z)-b-Ocimene 1028 1032 0.4 – MS, RI
Artemisia ketone 1051 1056 42.1 – MS, RI, COI, FT-IR
(E)-Citral 1073 1075 – 13.7 MS, RI, COI, FT-IR
Terpinolene 1082 1086 tr – MS, RI
Linalool 1092 1095 0.1 – MS, RI
a-Thujone 1098 1101 2.7 3.0 MS, RI, FT-IR
b-Thujone 1108 1112 0.5 3.0 MS, RI, FT-IR
Chrysanthenone 1119 1124 1.4 – MS, RI
(Z)-Sabinol 1133 1137 1.2 – MS, RI
(Z)-Verbenol 1137 1140 0.7 – MS, RI
Camphor 1138 1141 0.8 5.0 MS, RI, COI, FT-IR
(E)-Pinocamphone 1158 1156 – 1.4 MS, RI
Borneol 1162 1165 6.1 – MS, RI, COI, FT-IR
Pinocarvone 1160 1172 – 0.2 MS, RI
Terpinen-4-ol 1170 1174 0.4 – MS, RI
a-Terpineol 1183 1186 0.3 – MS, RI
(E)-Carveol 1211 1215 0.4 – MS, RI
Carvone 1237 1239 0.2 – MS, RI
Chrysanthenyl acetate 1258 1261 4.8 – MS, RI, COI
Nerol 1224 1227 1.5 – MS, RI
(E)-2-Caren-4-ol 1267 1270 0.6 – MS, RI
Carvyl acetate 1335 1339 0.4 – MS, RI
a-Longipinene 1349 1350 0.1 – MS, RI
a-Copaene 1371 1374 0.3 – MS, RI
b-Cubebene 1387 1391 – 1.6 MS, RI
(E)-Caryophyllene 1413 1417 1.6 – MS, RI, COI
(Z)-b-Farnesene 1438 1440 1.2 – MS, RI
a-Humulene 1448 1452 0.3 – MS, RI
Allo-Aromadendrene 1458 1455 – 0.1 MS, RI
b-Himachalene 1498 1500 1.9 – MS, RI
a-Curcumene 1511 1514 1.7 – MS, RI
Germacrene-B 1555 1559 8.6 – MS, RI, COI, FT-IR
(Z)-Davanone 1561 1564 1.8 – MS, RI
Caryophyllene oxide 1575 1582 0.5 0.1 MS, RI
Unknown 1585 1590 1.2 – MS, RI
Longiverbenone 1615 1612 1.4 – MS, RI
b-Eudesmol 1645 1649 tr – MS, RI
a-Bisabolol oxide-B 1656 1658 – 1.7 MS, RI, FT-IR
Monoterpene hydrocarbons 10.7 17.3
Oxygenated monoterpenes 65.2 73.1
Sesquiterpene hydrocarbons 15.7 1.7
Oxygenated sesquiterpenes 3.7 2.1
Others 1.5 –
Total (%) 96.6 94.2
Compounds are listed in order of their elution from RTX-5 column.
Percentage was obtained by FID peak area normalization without using response factors.
RICal. = Retention indices were experimentally measured using homologous series of n-alkanes (C5–C28) on the RTX-5 column.
RILit. = Retention indices taken from Adams.
Identiﬁcation methods: MS, by comparison of the mass spectra with those from computer mass libraries, NIST 05 library, Wiley and Adams;
RI, by comparison of RI with those reported in literature; COI, by comparison of the retention time and mass spectra of authentic standards.
FT-IR, by matching the ﬁngerprint and functional group regions in the IR spectrum of the oil with authentic standards; tr = traces.
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4 M.A. Rather et al.5.1. Identiﬁcation of components
Identiﬁcation of the essential oil constituents was done on the
basis of Retention Index (RI, determined with respect to
homologous series of n-alkanes (C5–C28, Polyscience Corp.,
Niles IL) under the same experimental conditions), co-
injection with standards (Sigma Aldrich and standard isolates),
MS Library search (NIST 05 and Wiley), by comparing with
the MS literature data (Jennings and Shibamoto, 1980;
Adams, 2007).
6. Results and discussion
The various chemical constituents identiﬁed in the essential
oils of A. indica and A. vestita are shown in Table 1, in order
of their elution from an RTX-5 column. The corresponding
chromatograms are shown in Figs. 1 and 2, respectively. AFigure 1 GC–MS Total Ion Chromatogram (TI
Figure 2 GC–MS Total Ion Chromatogram (TI
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A. indica constituting 97.6% of the total oil composition.
The oil composition is dominated by the presence of oxygen-
ated monoterpenes constituting 65.2% of the total oil compo-
sition followed by sesquiterpene hydrocarbons (16.5%), and
monoterpene hydrocarbons (10.7%). The principal chemical
constituents were found to be artemisia ketone (42.1%), ger-
macrene D (8.6%), borneol (6.1%), chrysanthenyl acetate
(4.8%), p-cymene (2.7%), a-thujone (2.7%) and b-pinene
(2.4%). The essential oil composition of A. vestita was found
to contain a total of 18 components representing 94.2% of
the total oil composition. The principal components were
found to be 1,8-cineole, (E)-citral, limonene, a-phellandrene,
camphor, (Z) and (E)-thujones. Oxygenated monoterpenes
were the dominant group of terpenes in the essential oil
constituting 73.1% of the total oil composition followed by
monoterpene hydrocarbons (17.3%). The results of our study
on the essential oil of A. indica and A. vestita reveal that theC) of the leaf essential oil of Artemisia indica.
C) of the leaf essential oil of Artemisia vestita.
ive GC–FID, GC–MS and FT-IR spectroscopic analysis of the
ita essential oils. Arabian Journal of Chemistry (2014), http://
Figure 3 FT-IR spectrum of the essential oil of Artemisia indica.
Figure 4 FT-IR spectrum of the essential oil of Artemisia vestita.
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mir Himalayas exhibit further chemodiversity. The current
results show some similarity with the already published litera-
ture, but more importantly exhibit a greater difference as far as
the major essential oil components of these two species are
concerned. Artemisia ketone prevails in the essential oil of A.
indica and has not been reported so far from this plant species
in the previously studied reports. Previously reported grandisol
was not present in the essential oil of A. vestita growing in
Kashmir Himalayas, but the 1,8-cineole content in it goes as
high as 46.8% in the essential oil of this plant growing in high
altitudes of Kashmir Himalayas. The essential oils of both the
species were characterized by the high content of oxygenated
monoterpenes imparting a strong characteristic aroma to these
two Artemisia species. Literature survey reveals that the
essential oil composition of the Artemisia genus has been thor-
oughly investigated and the chemodiversity in the oil composi-
tion has led to many oil-dependent chemotypes for the genus,
among which 1,8-cineole/camphor chemotype appears to be
predominant in most Artemisia species (Lutz et al., 2008;
Govindraj et al., 2008; Lawrence, 1982; Lamberg, 1982). In
some other well-known Artemisia species such as A. annua,Please cite this article in press as: Rather, M.A. et al., Comprehens
volatile aroma constituents of Artemisia indica and Artemisia vest
dx.doi.org/10.1016/j.arabjc.2014.05.017A. vulgaris, A. diffusa, A. santonicum, A. spicigera, A. afra,
A. abiatica, A. austriaca and, A. pedemontana, bornane deriv-
atives (camphor, borneol and bornyl acetate) and 1,8-cineole
are the major biochemical marker compounds (Perez-Alonso
et al., 2003) Figs. 3 and 4.
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